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(37) ABSTRACT

A mobile X-ray imaging apparatus includes: a mobile cart
having a casing as an exterior member; an X-ray generation
unit that can be stored 1n the casing; a handle portion arranged
on an upper portion of the casing; and a movable portion
having the handle portion and configured to be alternately
stored 1in and pulled out from the casing, wherein an upper
portion of the movable portion 1s pulled out 1n an inclined
state from the mobile cart through a drawing-out operation
performed on the handle portion by the operator.

10 Claims, 6 Drawing Sheets
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1
MOBILE X-RAY IMAGING APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a mobile X-ray imaging,
apparatus.

2. Description of the Related Art

X-ray 1maging 1s performed 1n a patient room or an opera-
tion room 1n the hospital by a mobile X-ray imaging appara-
tus, which 1s mounted on a mobile cart. When X-ray imaging,
1s to be performed, the mobile X-ray imaging apparatus 1s
transported from a storage place to an X-ray imaging place,
and when the X-ray imaging 1s completed, 1t 1s conveyed to
the storage place again to be stored there. Thus, there has been
a demand for amobile X-ray imaging apparatus which is easy
to transport and convenient to store in reduced spaces.

Japanese Patent Application Laid-Open No. 2012-110702
discloses a mobile X-ray 1maging apparatus improved 1n
terms of calmness during conveyance and comiort for the
operator owing to a driving wheel suspension system.

Japanese Patent Application Laid-Open No. 2012-3731
discloses a mobile X-ray imaging apparatus which can be
stored with reduced external size owing to a mechanism for
sliding an arm vertically and horizontally.

However, 1n the mobile X-ray imaging apparatus disclosed
in Japanese Patent Application Laid-Open No. 2012-110702,
the main body side surface 1s substantially perpendicular to
the tloor surface, so that while superior in storage property,
this apparatus has a problem to be solved 1n terms of convey-
ance property. Further, the main body rear surface opposite
the operator 1s substantially perpendicular to the floor surface
during conveyance, so that the operator who walks holding a
handle portion would be awkwardly positioned for walking.

The mobile X-ray imaging apparatus discussed in Japanese
Patent Application Laid-Open No. 2012-5731 can be stored
with reduced external s1ze owing to the mechanism for sliding
the arm vertically and horizontally. However, the main body
side surface 1s substantially perpendicular to the floor surface,
or the lower portion thereot 1s protruded and inclined, so that
a side surface of the main body may pose an obstacle for the
operator during transporting or operating the apparatus.

SUMMARY OF THE INVENTION

The present invention 1s directed to a mobile X-ray imag-
ing apparatus with improved conveyance and storage proper-
ties.

According to an aspect of the present invention, a mobile
X-ray 1imaging apparatus includes: a mobile cart having a
casing as an exterior member; an X-ray generation unit that
can be stored in the casing; a handle portion arranged on an
upper portion of the casing; and a movable portion having the
handle portion and configured to be stored 1n or pulled out
from the casing, wherein an upper portion of the movable
portion 1s pulled out in an inclined state from the mobile cart
through a drawing-out operation performed on the handle
portion by the operator.

Further features and aspects of the present mnvention will
become apparent from the following detailed description of
exemplary embodiments with reference to the attached draw-
Ings.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in
and constitute a part of the specification, illustrate exemplary
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embodiments, features, and aspects of the mvention and,
together with the description, serve to explain the principles

ol the invention.

FIGS. 1A, 1B, and 1C are a left-hand rear perspective view,
a left-hand side view, and a top view 1illustrating the outward
appearance of a mobile X-ray imaging apparatus according to
an exemplary embodiment of the present invention.

FIGS. 2A, 2B, and 2C are a left-hand rear perspective view,
a left-hand side view, and a top view 1illustrating the outward
appearance ol the mobile X-ray imaging apparatus according
to the exemplary embodiment of the present invention at the
time of pulling-out.

FIG. 3 1s a functional block diagram illustrating a construc-
tion example of the mobile X-ray imaging apparatus accord-
ing to the exemplary embodiment of the present invention.

FIG. 4 15 a flowchart 1llustrating a determination process-
ing tlow for controlling the X-ray apparatus 1n the mobile
X-ray imaging apparatus according to the exemplary embodi-
ment of the present invention.

DESCRIPTION OF THE EMBODIMENTS

Various exemplary embodiments, features, and aspects of
the invention will be described 1n detail below with reference
to the drawings.

In the following, a mobile X-ray imaging apparatus
according to an exemplary embodiment of the present mven-
tion will be described with reference to the drawings. In the
tollowing description, the same reference numerals are used
for the same or equivalent elements. FIGS. 1A, 1B, and 1C are
external views of a mobile X-ray imaging apparatus 100
according to a {first exemplary embodiment of the present
invention when in a stored state. FIG. 1A 1s a perspective view
of the apparatus as seen from the left-hand rear side, FIG. 1B
1s a left-hand side view thereof, and FIG. 1C 1s a top view
thereof. As illustrated 1n FIG. 1A, the mobile X-ray imaging,
apparatus 100 includes a casing 102 which has in the upper
surface (upper portion) thereof a recess for accommodating
an X-ray generation unit 101. The X-ray generation unit 101,
which emits X-rays (e.g., for medical diagnosis of a subject),
1s configured to be stored in the recess formed 1n the upper
portion of the casing 102. The X-ray generation unit 101 1s,
for example, an X-ray tube configured to apply thermal elec-
trons emitted from a filament heated to a high temperature, to
an X-ray target consisting of bulk metal, 1n order to generate
X-rays on the incident side of the electron beam.

A casing 102 1s an external member constituting a mobile
cart, and 1s capable of accommodating the X-ray generation
unmit 101. The recess 1s preferably larger than the X-ray gen-
eration unit 101. More specifically, the upper surface of the
casing 102 1s formed so as to allow the X-ray generation unit
101 to be fitted and accommodated in 1t. When the X-ray
generation unit 101 1s accommodated 1n the casing 102, the
X-ray generation unit 101 does not protrude from the upper
surface of the casing 102. As illustrated 1n FIG. 1, the upper
surface of the casing 102 1s flush with the upper surface of the
X-ray generation unit 101. In other words, the upper surtace
of the casing 102 with the X-ray generation unit 101 placed
therein 1s flat. This allows an operator transporting the mobile
cart to have an open view of the environment free of obstruc-
tions. In the rear portion of the casing 102, there 1s provided
a movable portion 109 which 1s described below. In the
accommodated (stored) state as 1llustrated 1n FIGS. 1A, 1B,
and 1C, the movable portion 109 is placed within the casing
102. The back surface or rear surface of the casing 102 formed
by a portion of the movable portion 109 1s substantially per-
pendicular to the floor surface F. Further, inside the casing
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102, there are provided a processing unit (not illustrated)
configured to perform the requisite information communica-
tion and processing, and a drive umit or driving device (not
illustrated) configured to drive and control, for example, the
rotation of wheels arranged under the mobile cart.

A pair of rear wheels 104 tlexibly moves and changes their
directions to the right and left. By changing the orientation of
the rear wheels 104, the operator can change the moving
direction of the mobile X-ray imaging apparatus 100. In other
words, the rear wheels 104 function as steering wheels. In the
present exemplary embodiment, the front wheels 103 are a
pair of stationary wheels the orientation of which 1s fixed
(typically a back and forth direction), and which are con-
nected to the driving device. The above-mentioned process-
ing unit controls the driving device, whereby the front wheels
103 function as driving wheels, enabling the mobile X-ray
imaging apparatus 100 to move forwards and backwards.

A handle portion 105 1s connected with the movable por-
tion 109. The handle portion 103 1s a member configured to be
grasped by the operator when the mobile X-ray imaging
apparatus 100 1s moved or when the movable portion 109 1s
drawn out rearwards. The handle portion 105 1s fixed so as to
protrude above the rear surface of the casing 102.

A display unit 106 (see FIG. 2A) 1s a unit for displaying
information related to X-ray imaging, a setting screen, etc. A
liquad crystal display (LCD) or the like 1s used as the display
unit. An operation unit 107 1s operated by the operator when
switching the setting or a display related to X-ray imaging.
The operation unit 107 1s formed by cross keys, push
switches, etc. It 1s also possible for the display umit 106 and
the operation unit 107 to be integrally formed as a touch
screen 1n which a transparent mput unit, etc. are arranged on
the front surface of the display, that 1s, the operator-side
surface. A column 108 1s a columnar member for fixing the
X-ray generation unit 101 at various positions, and 1s dis-
posed 1n a forward position (front) of the mobile cart. The
column 108 1s connected with the driving device inside the
casing 102, and can change the position of the X-ray genera-
tion unit 101 through electrical control.

The movable portion 109 can be alternately drawn out
rearwards and accommodated in the interior of the casing
according to the condition of use of the mobile X-ray imaging
apparatus 100. As 1llustrated 1n FIG. 1B, 1n the present exem-
plary embodiment, the movable portion 109 1s formed, for
example, 1n the shape of a triangular prism arranged upside
down. That 1s, the movable portion 109 1s supported at the
triangle-corner (apex of the prism) which situated at the rear
lower end of the casing 102. Specifically, the movable portion
109 1s pivotably, at the lower portion of the rear surface of the
casing 102, so as to be rotatable around a pivot 109A (as
indicated by the arrow A 1n FI1G. 1B). In the accommodated or
stored state 1illustrated in FIGS. 1A and 1B, the movable
portion 109 1s accommodated within the casing 102, and the
back surface of the mobile X-ray imaging apparatus 100 1s
substantially perpendicular to the floor surface F, so that it 1s
possible to compactly store the movable portion 109 without
increasing an area ol the apparatus occupying the floor sur-
face F 1n plan view.

A key 1nsertion portion 110 1s a keyhole mnto which the
operator mserts a key and turns it to enable use of the mobile
X-ray 1maging apparatus 100. According to the rotational
angle of the key, 1t 1s possible to design the apparatus so as to
allow control of various lock and release functions, such as
the lock and release of the wheels (the front wheels 103 and
the rear wheels 104), and of X-ray application, as well as the
a pulled-out state of the movable portion 109.
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Further, referring to FIG. 2A, etc., an X-ray detection sen-
sor storage portion 111 1s a portion mto which an X-ray
detection sensor (e.g., a flat panel detector (FPD) not 1llus-
trated) 1s 1nserted, so that the X-ray detection sensor can be
carried along with the mobile X-ray imaging apparatus 100.

FIGS. 2A, 2B, and 2C are external views illustrating the
mobile X-ray imaging apparatus 100 according to the present
exemplary embodiment at the time of pulling out, or other-
wise referred to as an operating state. F1IG. 2A 1s a perspective
view ol the apparatus as seen from the left-hand rear side,
FIG. 2B 1s a left-hand side view thereot, and FIG. 2C 1s a top
view thereof.

When, 1n the stored state as 1llustrated in FIGS. 1A, 1B, and
1C, the operator performs operation on the apparatus to draw
the handle portion 105 rearwards, the movable portion 109
rotates (swivels or pivots) around the pivot 109A, and the
apparatus 1s 1n a pulled-out or operative state as illustrated 1n
FIGS. 2A, 2B, and 2C 1s attained. As 1llustrated in FIG. 2B, 1in
the pulled-out state, the upper portion of the movable portion
109 1s drawn out 1n an 1nclined state with respect to the casing
102, and 1t protrudes from the casing 102, so that a space B 1s
generated under the movable portion 109. Advantageously,
when the operator 1s walking while holding the handle portion
105 to transport the mobile X-ray imaging apparatus 100, the
lower extremities (in particular the feet) of the operator are
located 1n this space B. Accordingly, it 1s possible to prevent
the operator’s legs or feet from hitting the mobile X-ray
imaging apparatus 100. Further, since the space B 1s formed,
the operator can walk smoothly and 1n an appropriate manner,
making it possible to guarantee a high level of safety from the
viewpoint of handling the mobile X-ray imaging apparatus
100.

As described above, according to the present invention, the
mobile X-ray imaging apparatus has the mobile cart equipped
with the casing 102, the X-ray generation unit 101 configured
to generate X-rays, the handle portion 105 arranged on top of
the casing 102, and the movable portion 109 configured to be
alternated accommodated 1n and pulled out from the casing
102 by the handle portion 105. Advantageously, when the
movable portion 109 1s pulled out, both the upper and rear
surfaces of the movable portion 109 are in an inclined state
with respect to the mobile cart through the operation of the
handle portion 105 by the operator. When the upper surface of
the movable portion 109 1s inclined with respect to the mobile
cart, as shown 1n FIGS. 2A and 2B, the screen 106 and
operating unit 107 are more convemently positioned for the
operator’s access. When the movable portion 109 1s in the
stored state, the back surface of the mobile X-ray imaging
apparatus 100 1s substantially perpendicular to the floor sur-
face F. As a result, the mobile X-ray imaging apparatus 100
can be very adequately stored. On the other hand, when the
movable portion 109 1s 1n the pulled-out state, the back sur-
tace of the main body of the apparatus 1s backwardly inclined
such that the upper portion thereol protrudes, so that it 1s
possible to provide a mobile X-ray imaging apparatus 100 of
satisfactory conveyance property.

In the mobile X-ray 1imaging apparatus 100 configured to
change 1ts moving direction by means of the rear wheels 104,
when steering the mobile cart to the right or left, the leg of the
operator moving forwards can coincide with the steering
direction, so that there 1s a strong possibility that his leg may
hit the apparatus. In the present invention, in contrast, there 1s
suificient leeway in terms of space due to the space B, making
it possible to eliminate danger of such an accident. More
specifically, according to the present invention, 1n the stored
state, the movable portion 1s compactly accommodated
within the casing, thus providing a very satisfactory storage
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property. On the other hand, 1n the pulled-out state, the mov-
able portion 1s 1inclined backwards, so that it 1s possible to
realize a mobile X-ray imaging apparatus of a satisfactory
conveyance property.

Generally speaking, there 1s especially danger of such an
accident as mentioned above in, for example, a power drive
type mobile X-ray imaging apparatus 100 configured to drive
its wheels with power. However, the present invention 1s not
only applicable to the power drive type mobile X-ray imaging
apparatus, but also to a non-power-drive type mobile X-ray
imaging apparatus equipped with no drive unait.

Next, a mobile X-ray imaging apparatus according to a
second exemplary embodiment of the present invention will
be described. In the second exemplary embodiment, there 1s
provided an operation unit, wherein the operation unit 1s
accommodated so as notto allow operation when the movable
portion 109 has not been drawn out. The present exemplary
embodiment will be described 1n detail as follows. As 1llus-

trated 1n FIGS. 2A, 2B, and 2C, the mobile X-ray imaging
apparatus 100 according to the second exemplary embodi-
ment of the present invention has the operation unit 107 on the
upper surface of the movable portion 109. When the X-ray
generation unit 101 1s 1n the storage state, there 1s no possi-
bility that the operator operates the operation unit 101, so that
it 1s highly probable that any operation performed on the
operation unit 107 when 1n the storage state 1s an erroneous
operation.

When the mobile X-ray imaging apparatus 100 1s in the
storage state as illustrated i FIGS. 1A, 1B, and 1C, the
operation unit 107 1s accommodated within the casing 102, so
that 1t does not accept any operation performed by the opera-
tor, thus making it possible to prevent erroneous operation. In
the pulled-out state 1llustrated in FIGS. 2A, 2B, and 2C, the
operation unit 107 1s exposed away from the casing 102
together with the movable portion 109, so that 1t can accept
the operation performed by the operator.

In this way, 1n the mobile X-ray imaging apparatus 100
according to the second exemplary embodiment of the
present invention, it 1s possible to prevent erroneous opera-
tion of the apparatus when 1t 1s 1n the storage state, and, when
it 1s 1n the pulled-out state, it can accept an input operation
performed thereon.

In addition to the operation unit 107, the mobile X-ray
imaging apparatus 100 according to the present invention
includes, on the upper surface of the movable portion 109, a
display unit 106 and an X-ray detection sensor storage por-
tion 111 (See FI1G. 2A, etc.). Such portions or members can be
accommodated within the casing 102 when the movable por-
tion 109 has not been drawn out.

For example, by providing the display umt 106 on the
upper surface of the movable portion 109, it 1s possible to
prevent damage from the outside of the display unit 106 1n the
storage state. In addition to this, 1n the pulled-out state, it 1s
possible to visually recognize the display unit 106. As a result,
when carrying the mobile X-ray imaging apparatus 100, the
operator can check information on the subject and 1ts inspec-
tion by means of the display umt 106. Further, by providing
the X-ray detection sensor 111, for example, on the upper
surface of the movable portion 109, 1t 1s possible, 1 the
storage state, to prevent the X-ray detection sensor 111 from
being lost by thett, and, at the time of pulling out, 1t 1s possible
to extract the X-ray detection sensor 111.

Further, a mobile X-ray imaging apparatus according to a
third exemplary embodiment of the present invention will be
described. In the third exemplary embodiment, the applica-
tion of X-rays 1s controlled according to the condition of the
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movable portion 109. The present exemplary embodiment
will be described specifically as follows.

FIG. 3 1s a block diagram illustrating the mobile X-ray
imaging apparatus according to the present exemplary
embodiment of the present invention. An X-ray generation
unit 101 generates X-rays under control of a processing unit
112. Under control of the processing unit 112, the driving
device 113 changes a position of the X-ray generation unit
101 with respect to the column 108, and rotates the front
wheels 103. Under control of the processing unit 112, the
display unit 106 displays an operation screen, imaging infor-
mation, etc. The operation unit 107 transmits a command
input by the operator to the processing unit 112 as an electric
signal.

In the present exemplary embodiment, a condition detec-
tion unit 114 1s a unit configured to detect whether the mov-
able portion 109 of the mobile X-ray imaging apparatus 100
1s accommodated within the casing 102 or has been drawn out
of the casing 102, and to transmit the detection result to the
processing unit 112. As to the condition detection unit 114, an
opening/closing detection sensor or the like combining a
magnet and a Hall integrated circuit (IC) 1s applicable as a
so-called Hall element discussed 1n Japanese Patent Applica-
tion Laid-Open No. 2009-55290 or Japanese Patent Applica-
tion Laid-Open No. 2012-19279. For example, this Hall ele-
ment can be attached to the pivot 109 A of the movable portion
109, and the rotational angle thereot 1s tracked to detect the
opening/closing condition of the movable portion 109. The
processing umt 112 controls the application of X-rays, the
transmission and reception of data, image processing, various
image processing operations such as display control, and data
storage, 1n order to control the operation of the mobile X-ray
imaging apparatus 100. The key isertion portion 110 detects
the rotational position of the key, and transmuits the detection
result to the processing unit 112.

FI1G. 4 1s a flowchart indicating the determination process-
ing tlow for the control of X-ray application based on the
condition of the movable portion 109 of the mobile X-ray
imaging apparatus 100 according to the present exemplary
embodiment of the present invention. First, in step S1, the
condition detection unit 114 detects the condition of the mov-
able portion 109. When 1t 1s detected that the movable portion
109 1s retracted, the processing unit 112 performs control, 1n
step S2, such that the X-ray generation unit 101 emits no
X-ray. This control 1s realized, for example, by cutting oif
power supply to the X-ray generation unit 101, or by putting
the X-ray generation unit 101 within the casing 102 under
control of the driving device 113, or by performing control
such that input by the X-ray application switch of the opera-
tion unit 107 1s not accepted.

On the other hand, when, 1n step S1, it 1s detected that the
movable portion 109 has been drawn out, in step S3, the
rotational position of the key in the key insertion portion 11
1s determined. When, 1n step S3, 1t 1s determined that the key
1s at the position allowing X-ray application, the procedure
advances to step S4. In step S4, when pressing of the X-ray
application switch 1n the operation unit 107 by the operator 1s
detected, the processing unit 112, in step S5, controls the
X-ray generation unit to apply X-rays.

As described above, 1n the mobile X-ray imaging apparatus
100 according to the third exemplary embodiment of the
present invention, 1t 1s possible to prevent an accident such as
erroneous X-ray application when the movable portion 109 1s
stored 1n the casing 102.

In addition to the above-described, the present mvention
can assume various embodiment forms such as a system,
apparatus, method, program, or storage medium. More spe-
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cifically the present invention 1s applicable to a system com-
posed of a plurality of apparatuses, or to a system consisting,
ol a single apparatus.

Further, the object of the present invention can also be
achieved by executing the following processing: A storage
medium storing the program code of software for realizing
the functions of the above-described exemplary embodiments
may be supplied to a system or an apparatus. Then, the com-
puter (or the central processing unit (CPU) or the micro-
processing unit (MPU)) in the system or the apparatus reads
the program code stored in the storage medium. In this case,
the program code 1tself read out from the storage medium
realizes the functions of the above-described exemplary
embodiments, and the program code and the storage medium
storing the program code constitute the present invention.

The desirable specific exemplary embodiments of the
present mnvention described in detail above should not be
limited to these exemplary embodiments. The present mnven-
tion may also include various other embodiments without
departing from the scope of the gist of the present invention.
Partial combination of the above-described exemplary
embodiments 1s also possible.

While the present invention has been described with refer-
ence to exemplary embodiments, it 1s to be understood that
the invention 1s not limited to the disclosed exemplary
embodiments. The scope of the following claims 1s to be
accorded the broadest mterpretation so as to encompass all
such modifications and equivalent structures and functions.

This application claims the benefit of Japanese Patent
Application No. 2013-030155 filed Feb. 19, 2013, which 1s
hereby incorporated by reference herein in 1ts entirety.

What 1s claimed 1s:

1. A mobile X-ray imaging apparatus comprising:

a mobile cart having a casing;

an X-ray generation unit configured to generate X-rays;

amovable portion configured to be alternately stored in and

pulled out from the casing by a handle portion, wherein
an upper portion of the movable portion 1s pulled out 1n
an inclined state from the casing; and
an operation unit configured to operate the mobile X-ray
imaging apparatus, wherein the operation unit 1s pro-
vided on the upper portion of the movable portion,

wherein the operation unit 1s exposed when the movable
portion 1s pulled out from the casing, and the operation
unit 1s stored in the casing to prevent an operator from
operating the operation unit when the movable portion 1s
stored 1n the casing.

2. The mobile X-ray imaging apparatus according to claim
1, wherein the operation unit is exposed away from the casing
as the movable portion 1s pulled out.

3. The mobile X-ray imaging apparatus according to claim
1, further comprising: a condition detection unit configured to
detect whether the movable portion 1s stored 1n the casing or
pulled out,
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wherein, when the detection unit has detected that the
movable portion 1s stored 1n the casing, control 1s per-
formed such that the X-ray generation unit emits no
X-ray.

4. The mobile X-ray imaging apparatus according to claim

1, wherein the mobile cart 1s provided with a flexibly moving
rear wheel.

5. The mobile X-ray imaging apparatus according to claim
1, wherein the mobile cart 1s provided with a front wheel
which 1s a driving wheel configured to be driven by a driving
device.

6. The mobile X-ray imaging apparatus according to claim
1, wherein a recess for storing the X-ray generation unit 1s
provided 1n the upper portion of the casing, and wherein,
when the X-ray generation unit 1s stored in the casing, the
X-ray generation unit does not protrude from the upper sur-
face of the casing.

7. The mobile X-ray imaging apparatus according to claim
1, wherein an X-ray detection sensor storage portion for
storing an X-ray detection sensor 1s provided in the upper
portion of the movable portion.

8. The mobile X-ray imaging apparatus according to claim
1, further comprising, a display unit configured to display a
setting screen and information related to X-ray imaging pro-
vided on the upper portion of the movable portion.

9. A mobile X-ray imaging apparatus comprising:

a mobile cart having a casing;

an X-ray generation unit attached to a columnar member
and configured to generate X-rays;

a movable portion configured to be alternately stored in and
pulled out from the casing by a handle portion attached
to the movable portion; and

an operation unit configured to operate the mobile X-ray
imaging apparatus, wherein the operation unit 1s pro-
vided on the upper portion of the movable portion,

wherein the operation unit 1s exposed when the movable
portion 1s pulled out from the casing, and the operation
unit 1s stored in the casing to prevent an operator from
operating the operation unit when the movable portion 1s
stored 1n the casing, and

wherein, when the handle portion 1s pulled by an operator
in a direction away from the casing, the movable portion
swivels and 1s pulled out to an inclined state with respect
to the mobile cart.

10. The mobile X-ray imaging apparatus according to
claim 9, wherein the movable portion 1s shaped as a rectan-
gular prism arranged with 1ts apex 1n a rear lower portion of
the casing, and

wherein the movable portion 1s pivotably attached at the
rear lower portion of the casing, so as to be rotatable
around a pivot.
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